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Abstract
This study investigated the rate of Subjective Mental Workload (SMWL) and its correlation with musculoskeletal disorders 
among bank staff in Kurdistan Province located in west of Iran. This study conducted on 200 bank staff. The SMWL and the 
amount of prevalence of musculoskeletal disorders were assessed using NASA-TLX Questionnaire and Nordic General 
Questionnaire, respectively. The data were analyzed with SPSS15. 78% of the subjects were male. The mean age and mean work 
experience of the subjects were 36.28 and 14.2 years, respectively. 48% of the staff had experienced pain at least once during the 
past year in one of their nine musculoskeletal body regions with highest frequency in neck (48%), lower back (44%), and upper 
back (36%). The NASA Index showed that the bank staff assessed the Effort and Performance scale with mean and SD of 72.8 ± 
25.2 and 36.0 ± 22.6, respectively as the maximal and minimal amount of subjective workload. The statistical analysis of the data 
revealed that there was a statistically significant correlation between work experience and also between prevalence and 
experience of pain in the nine musculoskeletal body regions and mean SMWL (P<0.0001). The rate of SMWL and 
musculoskeletal disorders in bank staff were high to the same degree and it seems that SMWL scales not only add to the SMWL 
but also act as a risk factor in the creation of musculoskeletal disorders.
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1. Introduction  
Today, the workplaces impose more cognitive demands and requirements than physical needs on the operators. 
In other words, the volume and load of mental workload have increased [1, 3]. On the other hand, the origin of 
work-related stress is linked to unsuitable workload and workers' mental resources which if left untreated, will 
predispose to the incidence of mental disturbances. So, depending of the type of occupation, we have the concept of 
"subjective mental workload" (SMWL). SMWL is a general concept in ergonomic literature originating from human 
factors [4]. Although there is no fully fledged world-wide definition of SMWL and it is usually compared to 
physical workload, it can be defined as the expenses imposed on the operator to achieve a certain level of 
performance or the analysis of interactional effects between the operator's capacity and occupational demands and 
work environment [5-6]. In simple terms, SMWL refers to the amount of effort done by the mind during individual's 
functioning being basically related to individual's mental capacity and how the received and processed information 
ultimately leads to making decisions and taking measures [6]. Generally speaking, SMWL consists of two 
components of work stress like the occupation's requirements and demands, and the effects of work strain due to 
tension of duty's requirements and demands [7]. To ensure achieving safety, health, and convenience in the work 
environment, and increasing the operator's output and efficacy in the long run, it is logical to regulate work demands 
in accordance to individual's capacity [4]. In other words, they should not impose overload or under load on the 
individual. Presently, assessment of SMWL is one of the main goals of ergonomics aiming at investigating and 
improving the human-machine relationship and at higher levels, at achieving convenience, satisfaction, efficiency, 
and safety in the work environment. Hence, in recent years most studies have focused on SMWL, the degree of 
operator involvement, their feeling and ability in performing duties, complexities of duties, and the time of duty 
performance [4,7-8]. Thus, SMWL assessment and prompt and suitable work feedback increase the workers' 
awareness in managing SMWL.  There are various methods and instruments for assessing and predicting mental 
workload. Among the most commonly used are Workload Profile (WP) or Cooper-Harper scale, Subjective 
Workload Assessment Technique (SWAT), NASA-TLX, and questionnaire methods [2, 6]. SMWL is one of the 
factors affecting the rate of performance, efficacy, and efficiency of official operators. The operatory duties have 
special significance with regard to the need for concentration in human-machine relationship, and exact prompt 
action-reaction processes in regulating the processing systems9-10. Indeed, these duties demand several cognitive 
functions including continuous concentration and attention, noticing, recognizably, proper vision, memory, 
planning, and decision-making. Accordingly, SMWL is among the effective factors in creating exhaustion and 
increasing operatory errors and mistakes [1]. Also, there is the probability that the SMWL eases the effectiveness of 
psychosomatic factors in musculoskeletal disorders since several studies have confirmed the correlation between 
workplace factors and musculoskeletal disorders as one of the important occupational hazards [11]. There are many 
contributing factors including worker traits (physical and mental conditions), demographic factors, i.e., age and sex, 
work characteristics like exertion of too much force, improper work conditions, frequent flexion and twisting during 
work, work environment (socio- organizational environments, and physical environment including sound, vibration, 
and heat), anthropometry, and psychological factors like high level occupational requirements, individual's low 
control on their own work, and lack of socio-organizational support [5,12]. Therefore, MSDS are rather common 
among office works, computer users, and bank staff owing to improper designing of work station, and inappropriate 
work posture. Much attention has been paid to the role of physical workload, work environment factors, and work 
stations in creating these disorders [3,13]. On the other hand, this group of tasks is put in the scale that tolerates high 
SMWL due to their involvement in high volume of mental workload, a point which has been overlooked. 
Consequently, we are required to have a correct understanding of SMWL and its effect on performance and health 
of individuals in addition to our perception of physical workload. Based on these assumption, it was felt as 
necessary to carry out a research to investigate mental workload, and also its correlation with MSDS and to use the
findings for acquiring an awareness of the exact ergonomic position of staff and to plan effective, corrective, and 
preventive interventions.
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2. Methods
The present cross-sectional study was conducted on 200 bank staff in Kurdistan Province, located in west of Iran, 
in 2013. In the first stage, the data relating to background variables along with the amount of SMWL were collected 
using National aeronautics and space administration task load index-Task Load Index or NASA-TLX in this work 
group. 
2.1. Structure of NASA- task load index  
NASA-TLX is a powerful instrument of SMWL assessing workload on six scales using a mental method. This 
inventory, determines mental load, physical load, and human time pressure during work. It also assesses the 
exhaustion level felt by individual during work. The individual is asked about the perceived level of performance 
and the level of exertion and effort done for performing the task. Except the scales of performance and efficiency 
assessed between the two levels of good or bad, other scales are assessed between the low and high levels. In the 
first section of the questionnaire, each scale is assessed by individual on a scale of 0-100. Then, in the second 
section the scales are compared two by two and the scale with the greatest effect and significance is determined by 
the individual. The SMWL assessment process is also done in three stages: in the first phase, the operator conducts 
weighting and in the second phase they do the rating of the six scales. In the third phase, the weightings and ratings 
of the scales determined by the individual are entered into the SMWL software and finally, the total SMWL score is 
calculated. NASA-TLX has both physical and electronic versions. This study used the electronic version [2,6]. The 
reliabiOLW\DQGYDOLGLW\RIWKLVTXHVWLRQQDLUHZDVHVWDEOLVKHGDWĮ E\6HUDMLHWDOLQDVWXG\RQQXUVHV

workload [10].
Table 1. Rating scale definitions NASA TLX: task load index
Title Endpoints Descriptions
MENTAL DEMAND Low/High
How much mental and perceptual activity was required (e.g., thinking, deciding, calculating, 
remembering  ,looking, searching, etc.)? Was the task easy or demanding, simple or complex, 
exacting or forgiving?
PHYSICAL DEMAND Low/High How much physical activity was required (e.g., pushing, pulling, turning, controlling, activating, etc (? Was the task easy or demanding, slow or brisk, slack or strenuous, restful or laborious?
TEMPORAL DEMAND Low/High How much time pressure did you feel due to the rate or pace at which the tasks or task elements occurred? Was the pace slow and leisurely or rapid and frantic?
EFFORT Low/High How hard did you have to work (mentally and physically) toAccomplish your level of performance?
PERFORMANCE Good/Poor
How successful do you think you were in accomplishing the goals of the task set by the 
experimenter (or yourself?( How satisfied were you with your performance in accomplishing 
these goals?
FRUSTRATION LEVEL Low/High How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, relaxed and complacent did you feel during the task?
In the second stage of this study, the rate of prevalence of musculoskeletal disorders in these individuals was 
assessed using Nordic questionnaire. To do so, after obtaining informed written consent, first the purpose of the 
study was explained to each of the bank staff, then, the required instructions and guidelines regarding the method 
and processes of the study, how to work with NASA software, and method of completing Nordic questionnaire were 
given to them [14]. Each of the bank staff determined their SMWL score individually under the same work 
conditions in 10-day interval using NASA software. Ultimately, all the data given by NASA, and Nordic 
questionnaire, along with demographic information were analyzed with SPSS15 using One Way ANOVA, Logistic 
regression, Pearson correlation coefficient, and independent T-test.
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3. Results 
Mean (±SD) of 200 studied bank staffs age and work experience were 36.28 (±3.87) years, and 14.2 (±3.7) years, 
respectively. 78.5% of the staffs had experienced pain at least once over the past year in one of their nine 
musculoskeletal body regions that are presented in Table 2.
Table 2. Prevalence of musculoskeletal disorders in nine body regions
Body regions Prevalence of musculoskeletal disorder (%)
Lower back 44
Upper back 36
Neck 48
Shoulders 26
Elbows / forearms 12
Hands / wrists 20
Feet / lower legs 20
Hips / thighs 8
Knees 12
There was a statistically significant correlation between age and work experience with MSDs and SMWL 
(P<0.05). This shows that as age and work experience increase, the mean SMWL also increases. 
The data resulted from assessment of the six subscales of SMWL using NASA-TLX software is displayed in 
Table 3. As seen in the table, the staffs have determined the Effort scale as the highest, and Performance and 
Efficiency scale as the lowest score among the six subscales of SMWL.
Table 3. Results of NASA TLX: task load index in the 200 bank staff
Statistics Mental  Demands
Physical 
Demands Performance
Temporal 
Demands Effort Frustration Overall
N 200 200 200 200 200 200 200
RATING
Mean 67.12 41.28 35.60 60.78 71.35 47.31 61.6399
Std. Deviation 26.503 27.714 22.353 24.454 25.340 28.395 16.8580
Min 15 5 5 5 15 0 21.33
Max 100 100 90 100 100 100 92.66
WEIGHT
Mean .1840 .0596 .1640 .2108 .2302 .1106 -
Std. Deviation .09471 .09068 .09625 .10134 .08828 .10541 -
Min .00 .00 .00 .00 .00 .00 -
Max .33 .33 .33 .33 .33 .33 -
Tally
Mean 2.83 1.04 2.63 3.35 3.42 1.73 -
Std. Deviation 1.451 1.441 1.456 1.494 1.319 1.622 -
Min 0 0 0 0 1 0 -
Max 5 5 5 5 5 5 -
The correlation of the mean six subscales of SMWL and MSDs are presented in Table 4. The results of 
independent T-test revealed that there was a significant correlation between musculoskeletal disorders or symptoms 
in the nine musculoskeletal body regions and subscales of SMWL, so that it can be said that SMWL in individuals 
with more Musculoskeletal problems was higher.
Table.4. the associations between the weighted average of ratings on six subscales and musculoskeletal outcomes
Subscales
Study size 
(N=200)
With MSDs
(n=157)
Without MSDs 
(n=43) p-value
Mean(SD)
Mental Demand 67.12 ± 26.5 73.43 ± 21.7 44.07 ± 29.5 P<0/0001
Physical Demand 41.28 ± 27.97 44.5 ± 27.6 29.1 ± 24.7 P<0/0001
Performance 36.0 ± 22.63 36.9 ± 23.4 30.8 ± 17.3 P<0/0001
Temporal Demand 60.8 ± 24.66 63.9 ± 22.6 49.3 ± 27.4 P<0/0001
Effort 72.8 ± 25.27 78.3 ± 20.4 45.9 ± 25.5 P<0/0001
Frustration Level 47.5 ± 28.6 52.04 ± 28.6 30.0 ± 19.3 P<0/0001
Overall 64.2 ± 12.8 66.5 ± 13.4 43.8 ± 16.1 P<0/0001
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3.1. Other analyses
Also, the analysis of the results using of single and final model from logistic regression of musculoskeletal 
disorders showed that the odds of MSDs increased by 11 percent with each additional SMWL score. In other words, 
the odds of MSDs are almost 3 times greater in each 10 unit increasing for SMWL scores. 
4. Discussion
Assessing and analyzing SMWL in the occupations are considered as an important aspect of human factors and 
ergonomics [3]. There is psychologically a certain degree of work stress and strain in every occupation. In fact, 
behavior, performance, and consequently, efficiency of employees in the workplaces are affected by mental strain. 
The findings of current study of assessing SMWL using the NASA-TLX revealed that bank staffs tolerate a certain 
degree of work strain and suffer from SMWL. The Effort and Mental subscales of participants were high, because 
the bank staffs needs to have more subjective activity in processing the work operations. On the other hand, they 
have a low level of Performance and Efficiency. Regarding work sensitivity during data processing and subjective 
activities; the amount of concentration and attention in performance is preferable to speed and efficiency. 
  Kazemi et. al on investigating the workload of locomotive drivers estimated Effort and Mental subscales as the 
most important dimensions of workload [10]. So, activities demanding high concentration, attention, create 
significantly great mental workload in the human operators to achieve a specific level of performance. In another 
study, Smith et al. obtained a linear relationship between mental demand and workload. Also, they showed a 
significant correlation between exhaustion due to long work hours and mental workload using the NASA-TLX [19]. 
The analysis of the results indicated that there was a significant correlation between SMWL and Marital Status 
and work experience and SMWL not being affected by age, sex, education level, and other demographic parameters.  
  The current study showed that 78.5% of staffs experienced MSDs during the 12 months before. The prevalence 
of pain was high in the neck, upper back, and lower back regions. In this regards, Jafari et. al reported that 56.9% of 
bank staffs experienced MSDs during the year preceding the study specifically in the neck and lower back [12]. 
According to the findings of the different studies, on the prevalence of these disorders multiple factors including 
awkward work postures, poor workstation design, high static pressure on the cervical, lumbar, and shoulder muscles 
and insufficient rest are incremented [20]. Also, other studies increment the psychological factors in the incidence of 
these disorders [16, 17]. Since in the present study, SMWL was assessed as a psychological risk factor on incidence 
of MSDs in the bank staffs. NASA-TLX has been used as a powerful tool to assess the SMWL. Hence, the analysis 
of the results indicated a direct and significant correlation between weighted averages of ratings on six subscales of 
the SMWL and MSDs in three models of logistic regression. Thereby, the current study showed that the overall 
SMWL score affects in incidence of MSDs. In other words, the prevalence and percentage of MSDs are higher in 
participants with greater mean of the SMWL score. So that the odds of MSDs increased by 11 percent with each 
additional in the overall SMWL score. Additionally, the findings showed that there was a significant correlation 
between the six subscales of SMWL separately, with MSDs using two independent samples T-test (Table 4). This 
correlation also exists indirectly. The studies show that various factors including fixed monotonous work, job 
requirements (concentration, attention, and effort), exhaustion due to physical strains, environmental factors (sound, 
vibration …) and individual-work interaction increase SMWL [14,17]. On the other hand, demographic, 
biomechanical, psychosocial, and psychological factors also effect on the incidence of MSDs. So, it can be said that 
most of the factors playing a role in the incidence of MSDs are the same factors that produce SMWL. Thereby, these 
factors predispose simultaneously to the incidence and prevalence of MSDs in staffs.
Yeung et al. (2006) investigated the correlation between protective properties and the risk due to workload 
experienced with MSDs. They showed that there was a significant correlation between workload and the MSDs 
experienced which is consistent with our own findings [21]. Mehta et.al highlighted the influence of certain 
psychosocial traits on perceived MSDs outcomes in the Indian IT workplace [11].
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5. Conclusion
Recognition of risk factors in creating MSDs, especially psychological factors in the initial phase of 
development, is important in workplaces. Because MSDs are a major health issue, the results of evaluation of risk 
factors can help experts to modify and improve preventive and intervention strategies. It seems that the scales of 
SMWL function as a risk factor in creating the MSDs. Hence, Mental Workload should evaluate as a risk factor in 
creating the MSDs. So that, the odds of incidence the MSDs are almost 3 times greater in each 10 unit increasing for 
overall SMWL score.  
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